The action of Cr-LAAO, an L-amino acid oxidase isolated from Calloselasma rhodosthoma snake venom, on NADPH oxidase activation in isolated human neutrophil function was investigated. This enzyme has an intrinsic activity of hydrogen peroxide production. Cr-LAAO, in its native form, induces the ROS production in neutrophil and migration of cytosolic NADPH oxidase components p40 phox , p47 phox and p67 phox to the membrane, and Rac, a GTPase protein member, with the involvement of intracellular signaling mediated by phospho PKC-a. In its inactive form, iCr-LAAO does not induce NADPH oxidase activation in neutrophil showing that the intrinsic enzymatic activity does not have a role in this process, suggesting that its primary structure is essential for the cell's stimulation. Accordingly, the data showed for the first time that the Cr-LAAO has a role in NADPH oxidase complex activation triggering relevant proinflammatory events in human neutrophils.
Introduction
Neutrophils are the most abundant peripheral blood leukocytes in humans. These cells are terminally differentiated, and they have a relatively short life. Traditional estimates based on ex vivo survival in culture or on half-life after adoptive transfer suggested that these cells survive for only 8e12 h in the circulation and up to 1e2 days in tissues, with their turnover delayed or accelerated during the inflammatory response (Dancey et al., 1976; Basu et al., 2002; Mayadas and Cullere, 2005) . Pillay et al. (2010) using modern approaches with deuterium labeling methods in vivo suggested that human neutrophils may have a circulatory life span up to 5 days, under homeostatic conditions.
One of their main functions is their recruitment to sites of infection where they recognize and phagocytize foreign particles or microbes, and then kill pathogens through a combination of cytotoxic mechanisms. These include the production of reactive oxygen species, the release of antimicrobial peptides and the expulsion of their nuclear contents to form neutrophil extracellular traps (Mayadas et al., 2013) .
Coincident with particle binding and phagocytosis is the dramatic increase in oxygen consumption (the respiratory burst) associated with the reactive oxygen species (ROS) generated by the activation of NADPH oxidase. This multicomponent enzyme is dormant in unstimulated cells but can be activated by various stimuli. The assembly of a functional NADPH oxidase requires the inducible translocation of the cytosolic NADPH oxidase components p47 phox , p67 phox , and p40 phox to the membrane, where gp91 phox (NOX2), p22 phox , and the GTPase Rac2 (or Rac1) reside (Babior, 1999) .
L-amino acid oxidases (LAAOs, EC 1.4.3.2) are flavoenzymes able to catalyze the stereospecific oxidative deamination of L-amino acids to the corresponding a-ketoacid, with the production of hydrogen peroxide and ammonia via an imino acid intermediate (Curti et al., 1992) . LAAOs are widely distributed in diverse organisms and present, in significantly high concentrations in most snake venoms. This enzyme shows a wide range of pharmacological effects, including haemolysis and haemorrhage, in addition to the stimulation of apoptosis, inhibition or induction of platelet aggregation, formation of oedema and the activation of leukocytes. Moreover, exhibiting an important role in bactericidal, cytotoxic, anti-parasitic, anti-tumor, and antiviral activities (Du and Clemetson, 2002; Zuliani et al., 2009; Guo et al., 2012; Izidoro et al., 2014; Paloschi et al., 2018) . Pontes et al. (2014) published that Cr-LAAO, a LAAO isolated from Calloselasma rhodosthoma (a Malayan pit viper) snake venom, activates isolated human neutrophils, which produce ROS (superoxide anion and hydrogen peroxide) as well as cytokines (IL-8 and TNF-a) and induces the liberation of neutrophil extracellular traps (NETs). In addition, the authors examined the contribution of intrinsic LAAO activity on hydrogen peroxide production by neutrophils.
In a recent publication, Pontes et al. (2016) showed that Cr-LAAO in its native form induced the neutrophil chemotaxis, suggesting that its primary structure is essential for cell stimulation. In addition, p38MAPK and PI3K play an important role in signaling pathways of Cr-LAAO induced chemotaxis. This toxin also induced the production of hydrogen peroxide and stimulated phagocytosis in neutrophils. Furthermore, Cr-LAAO was able to stimulate neutrophils to release IL-6, IL-8, MPO, LTB 4 and PGE 2 .
Since Cr-LAAO is capable of activating neutrophils to produce ROS and has an intrinsic hydrogen peroxide producing activity, the present study was developed to evaluate the role of Cr-LAAO and its enzymatic activity on human neutrophils NADPH oxidase activation.
Materials and methods

Chemicals and reagents
Crystallized Calloselasma rhodostoma venom, phorbol myristate acetate (PMA), Histopaque 1077, DAB Kit, ethylene glycol-bis (baminoethyl ether)-N,N,N 0 ,N 0 -tetraacetic acid (EGTA), HEPES, Triton X-100, leupeptin, aprotinin, phenylmethylsulfonyl fluoride (PMSF), sodium orthovanadate, protease and phosphatase inhibitor cocktail, Ethylenediaminetetraacetic acid disodium salt dihydrate (Na 2 EDTA), bicinchoninic acid protein assay Kit (BCA) and anti-b-actin were purchased from were purchased from Sigma Chem. Co. (Misssouri, USA). 2 0 ,7 0 -dichlorodihydrofluorescein diacetate (DCFDA) was purchased from Molecular Probes (Oregon, USA). Anti-COX-1 and anti-COX-2 were purchased from Cayman Chemical (Michigan, USA). PE anti-human CD11a were purchased from BD Pharmingen (California, USA). Anti-cPLA 2 and anti-p-cPLA 2 were purchased from Santa Cruz Biotechnology (Texas, USA). Anti-Rac 1,2,3, anti-PKC-a and anti-p-PKC-a/b II were purchased form Cell Signaling Technology (Massachusetts, USA). Anti-p40 phox , Antip47 phox , Anti-p67 phox and Anti-gp91 phox and all salts and reagents used obtained from Merck Millipore (Darmstadt, Germany) with low endotoxin or endotoxin-free grades.
Isolation and biochemical characterization of Cr-LAAO
Cr-LAAO was isolated according to Pontes et al. (2014) . In brief, Calloselasma rhodostoma venom (30 mg) was dissolved in 1.0 mL of 0.02 M Tris-HCl buffer, pH 8.0, centrifuged at 755g for 10 min at room temperature and the clear supernatant applied on a 70 cm x 0.9 cm Superdex G-75 column, which was previously equilibrated and then eluted with the same buffer. The fraction I showing LAAO activity was lyophilized, diluted with 0.02 M Tris-HCl buffer, pH 8.0 and then applied on a 4.0 x 0.6 cm Q-Sepharose Fast Flow column (GE Healthcare), previously equilibrated with the same buffer, using a crescent concentration NaCl gradient (0e100%). For the inactivation of the enzyme, Cr-LAAO was submitted to a temperature of 80 C for 30 min. The activity of L-amino acid oxidase was performed according to Pontes et al. (2014) using 50 mg/mL of Cr-LAAO added to the mixture containing horseradish peroxidase (50 mg/mL), 100 mM L-leucine, 10 mM 3 0 3 0 diaminobenzidine in 100 mM TriseHCl buffer (pH 7.8), incubated at 37 C for 30 min. The reaction was stopped using a solution of 10% citric acid and the absorbance was measured on a spectrophotometer (Synergy HT, Biotek) at 490 nm ( Supplementary Fig. 1 ).
Neutrophil isolation
Peripheral blood neutrophils were obtained from self reportedly healthy donators (18e40 years old). Informed consents were obtained at the time of the blood draw. All participants gave informed consent prior to their inclusion in the study, and the Brazilian IRB (Institutional Review Board) of the Center of Tropical Medicine Research (CEPEM, Rondônia, Brazil -approval number 1.739.023) approved it. In brief, blood was collected in vacuum tubes containing heparin and diluted in phosphate buffered saline (PBS, 14 mM NaCl, 2 mM NaH 2 PO 4 H 2 O, 7 mM Na 2 HPO 4 12H 2 O), pH 7.4, after local asepsis. For the separation of leukocytes, Histopaque 1077 was added to the tubes and then the diluted blood was carefully added over the reagent. After centrifugation at 400g for 30 min, neutrophils were collected from the bottom of the tube, along with the erythrocytes and were transferred to another tube, according to Pontes et al. (2014; . Lysis of red blood cells was performed using lysis buffer (0.15 M NH 4 Cl, 0.01 M KHCO 3 , 0.0001 M Na 2 EDTA), homogenized and subjected to a temperature of À20 C for 5 min, and then centrifuged. Neutrophils were washed with PBS and an aliquot of isolated neutrophils was used for determining the total number of neutrophils in a Neubauer's chamber after cell staining (1:20, v/v) with Turk solution (violet crystal 0.2% in acetic acid 30%). The purity of the isolated cell population was determined by Panotic staining of cytospin preparations and by flow cytometry analysis (FACScan). The average purity achieved by our isolation technique was 99% of the neutrophils (Pontes et al., 2014) .
Measurement of intracellular ROS levels
A peroxide-sensitive fluorescent probe 2 0 ,7 0 -dichlorodihydrofluorescein diacetate (DCFDA) was used to measure intracellular levels of ROS. DCFDA is converted by intracellular esterases to 2 0 ,7 0 -dichlorodihydrofluorescin, which is then oxidized by H 2 O 2 to the highly fluorescent 2 0 ,7 0 -dichlorodihydrofluorescein (DCF). For this assay, 1x10 6 neutrophils were resuspended in PBS, and the cells were incubated with PBS (negative control), PMA (500 ng/mL; positive control), or Cr-LAAO (50 mg/mL). After 3 h of incubation, 100 mL of DCFDA, diluted with 10 mM of PBS, was added and incubated for 30 min at 37 C, under constant dark conditions (Nakajima et al., 2009) . After incubation, cell surface labeling was performed with monoclonal antibody PE anti-human CD11a, incubated for 30 min on ice and protected from light. Neutrophil were washed with PBS to remove unbound antibodies. Acquisition and analysis was performed in FACScan.
Ultracentrifugation
The isolated human neutrophils (1x10 7 ) according to item 2.3
were incubated with 50 mg/mL Cr-LAAO, 50 mg/mL inactivated Cr-LAAO (iCr-LAAO), 500 ng/mL PMA (positive control) or PBS (negative control) for 2 hours at 37 C in humidified atmosphere at 5% CO 2 . The neutrophils were suspended in 1 mL of buffer containing 15 mM HEPES pH 7.5, 145 mM NaCl, 0.1 mM MgCl 2, 10 mM EGTA, 10 mg/mL leupeptin, 10 mg/mL aprotinin, 1 mM PMSF, 2 mM sodium orthovanate (Na 3 VO 4 ) and 1 mg/mL protease and phosphatase inhibitor cocktail. Samples were lysed by thermal shock for 5 min and ultrasound at 100 W for 10 min at 4 C to proceed to ultracentrifugation. Cell debris were extracted by centrifugation at 200g for 15 min at 4 C. After removal of the debris, the samples were centrifuged at 29,000g for 30 min at 4 C. The supernatant, which corresponds to the cytosolic fraction, was separated and the precipitate corresponding to the membrane fraction was diluted in modified RIPA buffer (50 mM Tris-HCl pH 7.4, 1% Triton X-100, 0.25% sodium deoxycholate, 150 mM NaCl, 1 mM Na 2 EDTA, 1 mM PMSF, 5 mg/mL aprotinin, 5 mg/mL leupeptin, 1 mM Na 3 VO 4 and 1 mg/mL protease and phosphatase inhibitor cocktail). The samples were stored at À80 C until the next step (O'Brien et al., 2009 , with adaptations).
Immunoblotting
For this assay, 1x10 7 ultracentrifuged isolated human neutrophils according to item 2.4 from three different donors, were suspended in a RPMI assay medium [RPMI-1640 medium supplemented with 100 mg/mL of gentamicin, 2 mM of L-glutamine and 10% of fetal bovine serum (FBS)]. Then, they were plated and incubated with PBS (negative control), PMA (500 ng/mL; positive control), Cr-LAAO (50 mg/mL) or iCr-LAAO (50 mg/mL), at 37 C, in a humidified atmosphere (5% CO 2 ) for 2 hours. 
Statistical analysis
The means and standard error of the mean (S.E.M.) of all data were obtained and compared by one-way ANOVA followed by Tukey, Dunnett and Bonferroni post-test with significance probability levels less than 0.05. Individual comparisons using t-test was also checked.
Results
Cr-LAAO induced ROS production by isolated human neutrophils
Here, an oxidation-sensitive fluorescent probe dichlorofluorescein (DCF) was used to measure ROS. In this assay, upon oxidation by ROS, the nonfluorescent H 2 DCFDA is converted to the highly fluorescent 2 0 ,7 0 -dichlorofluorescein (DCF). Thus, the ability of Cr-LAAO to induce the ROS production by human neutrophils was investigated. Supplementary Fig. 2 shows the gated neutrophils marked with CD11a and Supplementary Fig. 3 shows ROS production induced by Cr-LAAO and PMA (a positive control) inside the cells. It is important to note that at this time interval, the amount of ROS induced by Cr-LAAO was liberated by human isolated neutrophils as shown by Pontes et al. (2016 ) stimulated with PMA (500 ng/mL; positive control) PBS (negative control), native Cr-LAAO (50 mg/mL) or inactive Cr-LAAO (iCr-LAAO -50 mg/mL) for 2 hours at 37 C and 5% CO 2 . Figure representative of one experiment of three independent experiments. membrane proteins. It is possible to check the activation, by ultracentrifugation of stimulated neutrophils followed by western blot technique in order to analyze the presence of cytosolic proteins in the membrane fraction. One of the cytosolic proteins that comprises the NADPH oxidase complex is the p40 phox (40 kDa), which showed high reactivity in human neutrophils membrane fractions and low reactivity in cytosolic fractions of the positive control (PMA) and the Cr-LAAO. However, in the negative control (PBS) and the inactivated Cr-LAAO (iCr-LAAO), western blot analysis showed low reactivity for p40 phox in membrane fractions and high reactivity in cytosolic fractions (Fig. 1) . Another cytosolic protein that migrates to the membrane upon activation is the p47 phox (47 kDa).
As it can be seen in Figs. 1 and 2 , the western blot analysis showed high reactivity in membrane fractions and low reactivity in cytosolic fractions of the positive control (PMA) and Cr-LAAO. Moreover, in the negative control (PBS) and the inactivated Cr-LAAO (iCr-LAAO), results showed low reactivity for p47 phox in membrane fractions and high reactivity in cytosolic fractions. The last cytosolic protein of NADPH oxidase complex analyzed was p67 phox (67 kDa) ( Figs. 1 and 2 ). This protein forms a complex with p47 phox and the complex translocate to the cell membrane. Results showed high reactivity in membrane fractions and low reactivity in cytosolic fractions of neutrophils incubated with PMA, the positive control, and Cr-LAAO. On the other hand, low reactivity for p67 phox in membrane fractions and high reactivity in cytosolic fractions were observed in the negative control (PBS) and iCr-LAAO ( Figs. 1 and 2 ). For the first time, the data showed that Cr-LAAO induced NADPH oxidase complex activation, when compared to positive controls incubated in PMA.
3.3. Rac1, 2 migrated to neutrophil membrane induced by Cr-LAAO Neutrophils express the leukocyte-enriched Rac2 as well as the ubiquitous Rac1 proteins that have important functions in the NADPH oxidase activation. As it can be seen in Figs. 1 and 2, these proteins migrated to the membrane fractions in positive control (PMA) and Cr-LAAO neutrophils. This aspect was neither observed in the negative control (PBS) nor in iCr-LAAO, confirming that the latter does not induce NADPH oxidase complex activation like Cr-LAAO.
Gp91
phox and p22 phox were present in neutrophil membrane , the NADPH oxidase catalytic protein, were present in the neutrophil membrane fraction but not in the cytosolic fraction, in all experimental conditions; positive and negative controls, Cr-LAAO and iCr-LAAO (Figs. 1 and 2) .
Cr-LAAO induced the activation of PKC-a.
PMA is a positive control known to activate protein kinase C (PKC), leading to phosphorylation of p47 phox . In order to know the PKC participation in NADPH oxidase complex activation, neutrophils stimulated with PMA (positive control), PBS (negative (50 mg/mL) or inactive Cr-LAAO (iCr-LAAO -50 mg/mL) for 2 hours at 37 C and 5% CO 2 . Values are mean S.E.M. from 3 donors. # P < 0.05, ## P < 0.01, ### P < 0.001 compared to negative control of the cytosolic fraction. * P < 0.05, ** P < 0.01, *** P < 0.001 compared to negative control of the membrane fraction (Data were presented with ANOVA followed by Dunnett post-test).
control), Cr-LAAO or iCr-LAAO were submitted to western blot. Fig. 3 showed the presence of PKC-a in all conditions but the phosphorylated PKC-a (p-PKC-a) was observed only in the positive control and Cr-LAAO-incubated neutrophils, confirming the effect that Cr-LAAO exerts on NADPH complex activation but not on the respective intrinsic enzymatic activity (Fig. 3) .
Discussion
The cell membrane is permeable to hydrogen peroxide and can activate neutrophils. In these cells, hydrogen peroxide regulates both the extension of pseudopodia and the orientation and direction of the cell (Hattori et al., 2010) . Moreover, evidence demonstrates that hydrogen peroxide controls migration through the recruitment of leukocytes to the inflammatory site (Niethammer et al., 2009) , despite the fact that Klyubin et al. (1996) were the first to propose that the hydrogen peroxide acts as chemotactic in leukocytes.
On the other hand, it is well known that phagocytosis induces a respiratory burst in neutrophils, due to the activation of NADPH oxidase which increases oxygen consumption and consequently elevates the levels of anaerobic glycolysis. This liberates free radicals of oxygen, such as hydrogen peroxide (Babior, 2004) .
Moreover, literature shows that ROS can be derived from two sources: mitochondrial metabolism pathway (Murphy, 2009) or NADPH oxidase activation (Bedard and Krause, 2007) . Mitochondria have important roles in cellular function, including participation in energy generation and modulation of apoptosis (Green and Reed, 1998) . There are four carriers of electron transport, complexes I to IV, embedded in the lipid bilayer of the inner mitochondrial membrane. Complex I is considered to be a major site of electron leak and subsequent superoxide production (Lambert and Brand, 2004; Lenaz et al., 2006) .
Thus, rotenone-a complex I electron transport inhibitor of the respiratory chain of the mitochondrial NADH metabolism pathway (Zmijewski et al., 2008) . Pontes et al. (2016) showed the contribution of mitochondrial oxygen consumption, using rotenone, a standard blocker of complex I, in ROS production by human isolated neutrophils induced by Cr-LAAO. These authors showed that ROS can be generated by a mechanism independent of NADPH oxidase. However, results showed that Cr-LAAO, in all concentrations, stimulated neutrophils to produce ROS and, rotenone, reduced partially this effect suggesting that another pathway for ROS production participates in this effect: the NADPH oxidase.
The NADPH oxidase protein complex is the most important mechanism of reactive oxygen species (ROS) production in phagocytic cells . When these cells are activated, the cytoplasmic components p40 phox , p47
phox and p67 phox migrate to the membrane and ally to the membrane components p22 phox and gp91 phox (Minakami and Sumimotoa, 2006) .
Studies from our laboratory have showed that isolated human neutrophils stimulated it Cr-LAAO, at several concentrations (6; 12.5; 25, 50 and 100 mg/mL) remained alive until 12 h of incubation using MTT and Trypan blue viability methods. Based on these studies, it was established that this study would be developed adopting a concentration equal to 50 mg/mL, an incubation period of 2 hours and a temperature equal to 37 C in a humid atmosphere of 5% CO 2 (data not shown) (Pontes et al., 2014 (Pontes et al., , 2016 . The incubation period of these cells with the Cr-LAAO was defined based on ROS production previously reported by Pontes et al. (2014) . The production of hydrogen peroxide evidenced that Cr-LAAO, but not iCr-LAAO, induced the liberation of this mediator by neutrophils after 3 hours of incubation. Since the expression of NADPH oxidase components occurs prior to the production of hydrogen peroxide, it was determined to incubate Cr-LAAO with human neutrophils for 2 hours. It is important to mention that literature had documented that LAAO has an intrinsic activity of hydrogen peroxide production, and when denatured, it loses its catalytic activity, consequently, there is not hydrogen peroxide production ( Supplementary Fig. 1 ) (Curti et al., 1992) . Then, it is important to know if the secreted hydrogen peroxide came from the neutrophil's NADPH oxidase activation or from the enzym es intrinsic activity.
In order to assess the cytosolic protein expression of NADPH oxidase components in the membrane, it was necessary to perform a procedure of ultracentrifugation. This process was standardized following the methodology described by O'Brien et al. (2009) .
One of the NADPH oxidase components present in cytosol is the p40 phox . This protein was the last among the components of the system to be discovered, and its role is not fully clarified (Matute et al., 2005) . So far, it is known that this protein plays an auxiliary role in the transportation of cytosol components to the membrane where the complex is activated. Before that, it was believed that p47 phox was responsible for this activity (Bagaitkar et al., 2016) . The importance of this protein for NADPH oxidase activation is still discussed, since it occurs despite the inhibition of this component. However, there is a reduction of superoxide anion production in the absence of p47 phox (Ellson et al., 2006; Suh et al., 2006; Tian et al., 2008; Bagaitkar et al., 2012) . In the present work, Cr-LAAO induced p40 phox , a NADPH oxidase component, migration to the membrane fraction, in isolated neutrophils, as it can be seen in Western Blot. This is also evidenced in the positive control. However, both negative control and iCr-LAAO did not induce this effect, pointing to a NADPH oxidase complex activation.
Another protein of NADPH oxidase is p47 phox that plays a keynote role in the transportation of cytosolic subunits to the membrane. During the activation mechanism of the complex in cells, this protein does not seem to be essential because it has been proved that p40 phox is responsible for such transportation. However, it was observed that its role is essential for neutrophils, because their production of superoxide is reduced in patients who have deficiency in p47 phox (Babior, 2004; Freeman and Lambeth, 1996) .
Studies on p47 phox function in renal injury showed that this protein plays a fundamental role in glomerular NADPH oxidase activation because experiments performed in mice with deficiency of this component showed a reduction in superoxide production (Wang et al., 2015) . As such, the migration of this component to the membrane induced by PMA (positive control) and the sample containing Cr-LAAO was observed, indicating NADPH oxidase activation. This weak reaction in negative control is common, because with cell treatment procedures, they suffer from stress, and may have a small positive response in the Western Blot, as it can be seen in other studies (Wang et al., 2015; Sharma et al., 2016; Belambri et al., 2012; Soe et al., 2013; Xiao et al., 2013) . The p67 phox is a NADPH oxidase accessory protein present in the cytoplasmic portion of the cell. When this protein is activated, it migrates to the membrane fraction. Its function in the complex has not been completely understood yet, but studies showed that this protein plays an important role in the reduction of NADPH to NADP þ in the electron transfer process for ROS formation (Babior, 2004; Tlili et al., 2012; Maehara et al., 2009) . Dang et al. (2011) showed that p67 phox is constitutively phosphorylated in human neutrophils, even without stimulation, and when that protein is stimulated by PMA, the activation is increased. In this work, it was possible to observe the presence of p67 phox in Cr-LAAO, iCr-LAAO, positive and negative controls, representing the migration of this cytoplasmic component when activated, even when stimulated, corroborating with the results of studies that have been previously reported in literature. NADPH oxidase activation requires the association of cytoplasmic proteins with membrane proteins (gp91 phox and p22 phox ).
The flavocytochrome b558 is formed by gp91 phox and p22 phox , whereby the a-chain is p22 phox (CYBA) and the b-chain is gp91 phox (CYBB) (Paclet et al., 2007) . When the NADPH oxidase complex is activated, an interaction between p47 phox with p22 phox occurs in order to activate other enzyme components (Babior, 2004) . However, recent studies showed that in the absence of p22 phox , gp91 phox component plays a role of cytochrome b558 to activate the mechanisms needed for ROS production (Ezzine et al., 2014) . The present study showed gp91 phox and p22 phox expression in neutrophil membrane fractions incubated with Cr-LAAO, iCr-LAAO, positive and negative controls. Rac is a subfamily of small GTPases (proteins that hydrolyze the GTP, energy carrier molecule, essential for the transmission of signals) which consists of Rac1, Rac2 and Rac3 (Rojas et al., 2012) . Rac1 is a helper protein that has as main function in the NADPH oxidase activation in non-hematopoietic cells and Rac2 is exclusive for hematopoietic cells (Hordijk, 2006) . In neutrophils, Rac2 function is associated with the recruitment of p67 phox for NADPH oxidase activation (Dang et al., 2000 . In the present study, it is possible to observe a strong immunoreactivity in neutrophil membrane fractions incubated with Cr-LAAO and the positive control but not in the negative control and the sample containing iCr-LAAO. Such data, along with the p67 phox showed that the Rac served as a helper protein in p67 phox recruitment to activate NADPH oxidase. In addition, the data obtained support that the generated hydrogen peroxide came from the neutrophil NADPH oxidase activation but not from LAAO enzymatic intrinsic activity. The protein kinase C (PKC) function is fundamental in intracellular signal transduction for activation of NADPH oxidase complex (Geraldes and King, 2010; Graciano et al., 2011; Chakraborti et al., 2012) . Studies suggest that a, b, d and z PKC subunits are responsible for p47 phox (Inoguchi et al., 2000; Fontayne et al., 2002; Bey et al., 2004; Raad et al., 2009; Graciano et al., 2011) . The obtained data evidenced that there was expression of PKC-a in both the native form and the phosphorylated form, showing that there was PKC-a activation induced by Cr-LAAO but not by iCr-LAAO. Accordingly, it was suggested that PKC-a is involved in NADPH oxidase activation and LAAO enzymatic intrinsic activity did not play a role in this action. MAPKs are serine-threonine kinases that have an important role in the intracellular signaling. Among the MAPKs, p38 MAPK is one of the key proteins involved in the inflammatory response (Ono and Han, 2000) . Literature shows that ROS levels increase due to the activity of NADPH oxidase and the activation of p38 MAPK (via PKCa). Moreover, p38 MAPK is directly involved in neutrophil chemotaxis promoting intravascular mobility, migration and cellular direction (Kim and Haynes, 2013; Xu et al., 2013; Guo and Yang, 2006) . In addition, p38 MAPK is involved in signaling for cytokines production, specifically IL-1, IL-2, IL-6, IL-7, IL-8 and TNF-a (Cuenda and Rousseau, 2007; Cargnello and Roux, 2011) . Hence, p38 MAPK activation induced by Cr-LAAO in neutrophils was shown by Pontes et al. (2016) , as well as TNF-a liberation (Pontes et al., 2014) reinforcing the role of this enzyme on NADPH oxidase activation to produce ROS. Chakraborti et al. (2012) demonstrated the link between NADPH oxidase activation complex with the activation of PKC and p38 MAPK. When phosphorylated, PKC-a leads to p47 phox activation and p38 MAPK phosphorylation (Kramer et al., 1995; Fontayne et al., 2002; Chakraborti et al., 2012) . In the present study, Cr-LAAO stimulated PKC-a activation and p47 phox . These results added to the results obtained previously by Pontes et al. (2016) in which Cr-LAAO stimulated phosphorylation of p38 MAPK, indicates that there is a correlation in the neutrophil activation pathways.
In summary, the obtained data showed for the first time that Cr-LAAO, in its native form, activates NADPH oxidase in neutrophil, inducing the migration of cytosolic components p40 phox , p47 phox and p67 phox to the membrane as well as Rac, a GTPase protein member, with the involvement of intracellular signaling mediated by p-PKC-a activation triggering relevant proinflammatory events in human neutrophils. In the inactive form, Cr-LAAO does not induce NADPH oxidase activation in neutrophils, showing that the intrinsic enzymatic activity does not have a role in this process (Figure 4 ). 
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